Conceptual
Introduction
Medical knowledge is embodied in a rich system of concepts and terminology. They are the currency of the subject. To learn medicine is to acquire them; to be an effective practitioner is to be fluent in them, and as medicine develops so does its concepts and terminology. This paper is about how such concepts and terminology (C&T for short) might be acquired, communicated and regulated by communities of specialists.
The paper reports experimental studies which show that there are strong natural pressures within groups of people to develop their own C&T systems around particular joint activities. The process seems to operate automatically as a consequence of communicating about the task at hand. This suggests that it may be difficult to impose a C&T system on people who are having to use the system as part of their regular daily activities. However, on a more positive note the research does indicate that small groups will naturally converge on C&T systems that seem to be optimal for coordinating across the group as a whole.
The paper is split into three sections: first I consider the cognitive issues surrounding concepts and terminology, then report the experimental studies, and, finally consider the implications of these findings for medical informatics.
Concepts and Terminology in Individuals and Groups
There is an inherent tension between two views of how C&T systems might arise. On the one hand, individuals possess concepts and have knowledge of terminology, yet on the other hand, concepts and terminology are also intimately associated with the communities of individuals who use and maintain them. In cognitive psychology most of the work on concepts has approached the problem from the former individualistic point of view [1] . According to this approach concepts are formed through an individual's exposure to systematic information in the world. However, the approach only considers the acquisition and use of simple concepts which are not part of rich systems of the kind found in medicine for example. This paper explores an alternative community oriented approach to C&T systems. It has long been known that small communities develop their own terminologies. Thus Glucksberg and Danks pointed out many years ago that "Lovers, families, schools, trades, professions all develop specialised vocabularies. Photographers speak of hypo, psychologists of shaping, skiers of powder" [2] . This would suggest that specialist communities adopt and control in some way their own C&T systems.
Communities are made up of people who communicate and interact with each other, so one might expect concepts and terminology to be conditioned by the interaction. It is this simple idea that motivated the experiments reported here. The first set of studies show how pairs of individuals collaborating on a shared task naturally develop their own C&T system as a result of the interaction and communication. The second demonstrates that pairs interacting as part of a larger community (i.e. in such a way that they build up an overlapping history of interactions) converge on a common C&T system in a way that non-community pairs do not. Furthermore this convergence represents a more closely coordinated use of a C&T system than that seen in isolated pairs who have interacted for the same length of time.
The experiments that lead to these conclusions have subjects playing a specially designed cooperative computer game the maze game.
Maze Game Studies
The maze game was designed as an entertaining collaborative task which elicits language whose semantics is easy to analyse. The two players are in audio contact but sit in different rooms confronted with an identical maze configuration on their computer screens (see Figure 1 ). Each has a position marker which can be moved one step at a time along the links connecting the nodes of the maze and the aim is for both players to end up in their respective goal positions by moving alternately through the maze. The game would be straightforward if it were not for two special additional features. First, at any time about half of the paths are blocked with gates. So when a player tries to move along the path their position marker bounces off the gate and returns to its original position at the cost of a penalty point. Second, a small number of the nodes on each maze are marked as 'switch boxes'. As a result the game elicits free dialogue interspersed with repeated location descriptions and it is the analysis of how these descriptions develop during the course of the game which demonstrates how each pair develop their own C&T system.
Experiments with Isolated Pairs
In the original studies 22 adult pairs played a couple of games each [3, 4] . The location descriptions in the resulting dialogues turned out to be extraordinarily varied across the sample of players. However, all of them could be classified according to one of the four basic C&T schemes illustrated in Table 1 . Each scheme corresponds to some combination of spatial conception of the maze configuration together with a description lexicon. For example in the most commonly used one, the PATH scheme, speakers conceive of the maze configuration as a set of boxes or nodes linked by the actual path links on the maze. A position can then be described by first establishing a prominent starting point on the maze and then recounting the path route which links that point to the one being referred to. In this case, the spatial conception is of a path network kind (similar to that underlying underground or sub-way maps) and the terminology will include terms such as box, node or link used together with cardinals or ordinals to count the number of elements traversed in the route. For the other schemes LINE, FIGURAL and MATRIX the conceptual model and example terminologies are shown in the Table1. Maze is broken down into a set of different figural patterns and the position is described in relation to these.
Example:
"See that right turn indicator. Well I'm in the box immediately below it."
(2) Path Scheme:
Maze is treated as made up of a series of paths linking the nodes and positions are described in relation to such paths.
Example : "See the bottom right well go along two then up one and go along to the end on the right. That's where I am" Maze is broken down into a sets of lines of nodes in the same plane and the position is described in relation to these.
Example: "I'm on the second row from the bottom at the end on the right."
A square matrix is imposed on the maze and positions are described as at the appropriate co-ordinates in the matrix.
Example :
Having established a means of classifying these descriptions it was possible to analyse how the C&T schemes developed during the course of the dialogues. We initially found two things [3, 4] . First, against the background of variation across the whole corpus any pair of players were consistent in their choice of descriptions in any stretch of dialogue. Thus by the time they had played one game together they had typically adopted the same scheme and even co-ordinated on a particular, often idiosyncratic, variant of that basic scheme. Furthermore a more detailed analysis of the sub-schemes being used (i.e. the particular versions of the scheme a pair would be using at any time) indicated that local descriptions were formulated to be unambiguous in that context. Thus a single element in a LINE scheme would always be given the same name (e.g. line, row, layer, level or whatever) as long as it was being referred to in exactly the same way. However, if for some reason a speaker wanted to refer to it outside the particular sub-scheme then a new lexical item would be introduced. For example in a scheme where speakers referred to rows as ordered elements with descriptions like " the third row", when they wanted to describe the bottom one they would refer to this as "the bottom line" but not "the bottom row" the latter term would only be used with the alternative "the first row" [4] .
The second observation concerned how the schemes developed over time.
In general communicators began by using descriptions which reflected a salient concrete spatial model of the maze configuration. Hence in the first game speakers were more likely to use FIGURAL or PATH type descriptions depending on models which reflect quite directly what is being seen on the maze (e.g. figural patterns of nodes) or how the players interact with it as part of the primary task (e.g. representing the actual paths along which the players can move their tokens). However, by the time they have played two games they typically ended up using a more abstract scheme such as MATRIX or LINE which can be extended to positions not actually represented in the maze itself (e.g. it is possible to describe 'missing' nodes according to either MATRIX or LINE schemes). These more abstract schemes also tend to produce more ambiguous descriptions than the concrete PATH and FIGURAL schemes if the crucial coordinates have not been anchored. For example, the center of a 5 X 5 maze can be described as "Three, three" according to at least eight distinct co-ordinate organisations, depending upon different origins and different order of mention of co-ordinates.
Finally, a more detailed analysis of the process indicated that the development of particular C&T schemes within any pair of subjects was not influenced by any explicit negotiation between players. Even though players sometimes talked about the schemes they were using this did not predict which scheme the pair would subsequently use [4] . Rather the coordination process seemed to come from an automatic matching of outputs to inputs; what we termed output-input coordination.
So three main conclusions arose from these original studies:
• Isolated pairs of individuals naturally develop idiosyncratic but unambiguous C&T schemes • This development occurs over a period of time and does not simply stop at the first scheme that works for both players • The C&T development process is not controlled by explicit negotiation but arises through automatic coordination of output with input
Experiments with Groups of players
One of the questions raised by these results concerns the extent to which convergence among isolated pairs of speakers simply reflects local coordination pressures. This is an interesting issue because it is clear that communities have their own C&T systems and we need to know whether the pressures on pairs of people to coordinate their concepts and language carries over to communities in the same way. In other words, will communities of interacting pairs also naturally converge on a common scheme and if so what determines the scheme they will converge on?
To test this we designed a community version of the maze game experiment [5] . The basic idea was to have a group of 10 players each interacting pairwise with all the other members of the group in turn, so they would come to be a kind of virtual speech community. Their performance could then be compared with other groups who interacted over the same number of games either with the same partner (isolated pairs) or with fresh partners not drawn from the same group (non-community pairs). The question is whether the community group manage as a whole to converge on a single C&T scheme simply by virtue of interacting one to one with different potential members of a new community.
The results were very striking. First it seems that such inchoate communities do rapidly converge onto one scheme. Figure 2 shows the percentage of descriptions of each C&T type being used by the players in the community group across their irst five games. Figure 3 shows the same pattern for the isolated pairs. It is apparent that after only five games all the descriptions being used by the community group depend upon the same C&T scheme. This is particularly striking because for each game the players are encountering someone whom they have never encountered before, yet they still find themselves using exactly the same terminology. The second finding concerns the degree of inter-player convergence under the three different regimes. Figure 4 shows the extent to which any description by one player predicts the scheme used in the next description by their partner for early, middle and late games in the experiment. As can be seen in the igure, for early games isolated pairs are more coordinated with each other in choice of scheme than either community pairs or non-community pairs.
However, by the middle of the experiment the community and isolated pairs are reliably more coordinated than the con-community pairs and by the end of the experiment the community pairs are reliably more coordinated than the isolated pairs. Again this is a striking effect because it means that players in the community group who are encountering partners for the first time on the ninth game of the experiment turn out to be more coordinated with those new partners than isolated pairs who have been playing with the same person for the previous 8 games.
More detailed analysis of the development of the community scheme threw up two additional findings. First, the scheme that the community ends up with turned out to be of the kind most commonly used across the whole population of players in their first game. That is when you add up all the descriptions given in that game there were more based on the MATRIX C&T scheme than any other, and, among MATRIX type descriptions the subtype MATRIX1 was the most commonly used. This suggests that the community as a whole naturally converges on the most effective scheme for that group of people. The second finding was that the whole convergence process did not seem to be strongly influenced by the individual dominance of community members. The two most dominant members both started out supporting a scheme not adopted by the community in the end. Rather it seems that the convergence process can be explained through the repeated application of the output-input coordination process across pairs of players who build up a common interactional history.
So the main conclusions from the community experiments are the following:
• Virtual communities of interacting pairs converge on a common C&T scheme in the way that isolated interacting pairs converge • Individuals in the virtual community end up being more highly coordinated than isolated pairs of players with the same degree of experience • The convergence process is not influenced by the relative dominance of community members but rather by the degree to which the C&T scheme is optimal for that group of players as a whole
Coordinated Concept Development
On the basis of these observations I have recently been testing a simple model of the process based on the notion of Coordinated Concept Development. The essence of the model is shown schematically in Figure 5 below. 
Communication
It is assumed that in a collaborative communication task the agents start out with a particular conception of the situation under discussion (World model) and construal of how the language works with respect to that model (Language). In order to communicate effectively each then tries to maintain the same internal model and language for producing utterances and interpreting them --what I referred to above as output-input coordination. This means that any two communicators will tend to establish a single mutually felicitous C&T (i.e. construal of the language and model). The resulting scheme can then be thought of as a coordinated concept for that pair. This simple pairwise model can be generalised to communities of interacting agents in such a way that it predicts community wide convergence on a coordinated concept. It depends upon one additional assumption about what happens when C&T schemes clash between a pair. If we assume: (1) that pairs always have to coordinate on one scheme, and (2) the scheme which wins out in any conflict is the one which has been used most in the past across the two agents, then the community will converge. In other words the more strongly represented the scheme is among any two players (even if one has never used that scheme in the past) the less likely it is to be given up. Close examination of the data from the community group discussed above exactly fits this set of assumptions.
Recently I have carried out Monte Carlo tests of a simple connectionist computer model based on these assumptions. It demonstrates that virtual communities of up to 50 members will rapidly converge on a common scheme operating according to these principles. Furthermore Such a process can reasonably be called Coordinated Concept Development and something which can apply both to isolated pairs of agents interacting or larger task oriented communities.
One of the interesting predictions of such a model is that virtual communities should tend to converge on the most popular scheme across the community. Thus the target looks like the optimal concept for that community to coordinate on as a whole.
Implications for Medical Informatics
The research discussed above has general implications for how communities establish and regulate C&T systems. How might these apply to Medicine and Medical Informatics? Let us first go over the main findings and their theoretical explanation and consider where they might have a bearing.
The First central observation is that pairs of people interacting in a collaborative task which requires precise communication naturally coordinate on particular C&T schemes. These schemes are not invented de novo but relate to existing frameworks for describing spatial arrangements (N.B. PATH, LINE and MATRIX descriptions are encountered in many different domains including medical ones such as in anatomy, histology, radiology etc.) [6] . However, players do more than just adopt on an existing framework, they also go on to refine it until it suits the constraints of the task at hand. As a result each pair of collaborators tends to end up with their own idiosyncratic C&T scheme which is efficient in terms of use of terminology and unambiguous in terms of interpretation [3] .
The second central observation is that this pairwise process generalises in an interesting way to virtual communities of people interacting on the same task and it does so with even greater force. In other words, people who form part of such a community end up more coordinated than isolated pairs. So it seems that when groups of people have to communicate precisely in the context of a collaborative task there are pressures to automatically refine the terminology that they are using and develop a coordinated conceptual model.
In trying to explain these observations we have assumed that it is efficient coordination between communicators which ultimately motivates the whole process. In order to ensure mutual intelligibility communicators have to establish a common communication framework and the coordinated C&T scheme does just that. However, it also seems that there is pressure toward establishing a scheme which is in some sense optimal for that community in the context of the task. This fits in well with the general observation that interactive communication is an extremely efficient process with strong pressure toward minimising both individual and, what has sometimes been called, collaborative effort [7] . Hence, normal ace to face conversation is extremely elliptical and context sensitive incorporating only that information which is needed to coordinate the particular speakers' conceptions of what they are talking about. I believe that the whole process of coordinated conceptual and terminological development reflects the drive toward processing efficiency which operates in real time face to ace communication situations. Furthermore it is in this respect that these observations and theory may have significance to Medical Informatics.
Increasingly, medical procedures involve coordination between teams of experts (radiologists, surgeons, pharmacologists, biochemists etc.) who engage in regular interactive communication, either face to face or remotely over the phone. So on the basis of what we have found in the laboratory one would expect to find 'dialect' differences between the C&T systems used by different teams. In fact there is some evidence that this occurs among radiologists trained in different hospitals in the U.K. There is also evidence that newly formed teams take a time to become fully coordinated in their communications even when operating in a highly regulated environment such as on a military aircraft. All of this would indicate that it is going to be difficult if not impossible to impose strictly standardised medical terminology across the board.
The second implication relates to establishing new C&T systems in response to the ever changing medical procedures and technologies (e.g. in the area of neuro and body imaging). The indings from the studies reported here would suggest that any developments in the terminology should take into account what has become established already within teams of practitioners. Since it is likely that they will have automatically settled on an optimal scheme. So in summary the research highlights two points which may be of relevance in the design of medical IT systems and attempts at standardising medical terminology:
• Tightly coordinated medical teams will develop their own conceptual and terminological systems • Any standardisation of new terminologies should be sensitive to the way in which teams of practitioners have refined the system already
